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WO 99/34389 PCT/EP98/08105 

Barium Magnesium Aluminate Phosphor 

Field of the invention 

The present invention relates to a barium magnesium aluminate phosphor as 
well as to corresponding phosphor blends, lamps and displays comprising said 
phosphor. 

Background Art 

Barium magnesium aluminate phosphors are known and widely used as blue- 
5 emitting phosphors, especially for triband white fluorescent lamps. This is due to the 
relatively high quantum efficiency and the appropriate spectral distribution of barium 
magnesium aluminate phosphors. A basic disclosure of barium magnesium alumi- 
nate phosphors can be found in U.S. Patent No. 4,216,408. 

An important disadvantage of barium magnesium aluminate phosphors is, 
10 however, the insufficient stability over the time of operation, especially in case of 
excitation with VUV radiation with a wavelength below 200nm. This insufficient sta- 
bility or maintenance results in a deterioration of quantum efficiency as well as in a 
shift of the emission spectrum. Consequently, phosphor blends and lamps employ- 
ing conventional barium magnesium aluminate phosphors show a colour shift to 
15 green with longer operation times. This problem is the more severe the larger the 
fraction of barium magnesium aluminate phosphor in the blend, i.e. the higher the 
correlated colour temperature. Such higher colour temperatures, however, are typi- 
cal for displays and display illumination systems. 
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Summary of the Invention 



In view of the above described problems of conventional barium magnesium 
aluminate phosphors, the present invention intends to improve the efficiency, stabil- 
ity and maintenance of barium magnesium aluminate phosphors. 

Consequently, a first aim of the invention is to define an improved barium 
5 magnesium aluminate phosphor in view of efficiency, stability and maintenance, a 
second aim is to provide accordingly improved phosphor blends for typical applica- 
tions, a third aim is to provide an improved lamp and an improved display based on 
the phosphor according to the invention, and finally a fourth aim is to provide a novel 
production method for the phosphor of the invention. 

10 According to the invention, these aims are achieved by means of a phosphor 

represented by the formula: 

Ba^ Eu e Mn m Mg U5 _ m AI 10+2f 

wherein 

0 <> e < 0.4; 

15 0 <, m £ 0.3; 



Further, the aims of the invention are achieved by means of a phosphor blend 
20 comprising said phosphor, a red phosphor and a green phosphor and, more par- 
ticularly, a phosphor blend wherein the weight percentage of said phosphor is 5% to 
40% f the weight percentage of said red-emitting phosphor is 10% to 50% and the 
weight percentage of said green emitting phosphor is 30% to 70%. 



0.01 <; 6 <s 0.1; 



0 < f < 1; and 



e+m>0, 
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In another aspect, the aims of the invention are achieved by means of a 
phosphor blend comprising said phosphor and a yellow phosphor and more particu- 
larly, wherein the weight percentage of said phosphor is 50% to 95% and the weight 
percentage of said yellow-emitting phosphor is 5% to 50%. 

5 In yet another aspect, there is provided a fluorescent lamp containing said 

phosphor and, more particularly, a fluorescent lamp wherein the phosphor is excited 
with VUV radiation having a wavelength below 200 nm, including a Xe excimer fluo- 
rescent lamp. 

In still another aspect, there is provide a plasma display panel containing the 
10 phosphor. 

Brief Description of the Drawings 

Fig. 1 shows the barium magnesium aluminate concentration range covered 
by the present invention in comparison to the range of the above cited prior art. 

Fig. 2 shows the effect of the invention in terms of the blue efficiency mainte- 
15 nance versus operation time of Ba 1-e Eu e Mn m Mg 1+8 . m Al 10+2f 0 17+6+3f for different values 
of 5 and a preferred value of e in comparison to a conventional example. 

Fig. 3 shows the effect of the invention for the same different values of 5 and 
the same preferred value of e in terms of the shift of the colour point versus opera- 
tion time in comparison to a conventional example. 

20 Description of the Preferred Embodiments 

For a better understanding of the present invention, together with other and 
further objects, advantages and capabilities thereof, reference is made to the 
following disclosure and appended claims taken in conjunction with the above- 
described drawings. 



25 



The phosphor according to this invention (hereinafter referred to as 
BAM-VUV) is represented by the formula: 
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10 



15 



20 



Ba^ Eu e Mn m Mg 1+5 ^ Ai 1<K2f 
wherein: 

0; 0.05; 0.1; 0.15 £ e £ 0.2; 0.25; 0.3; 0.4; 
0; 0.05 £ m £ 0.1; 0.2; 0.3; 

0.01; 0.015; 0.02; 0.025; 0.03 £ 5 £ 0.04; 0.05; 0.06; 0.07; 0.08; 0.09; 0.1; 
0,0.1.0.2 < f <; 0.3; 0.4; 0.5; 0.7; 1; and 
e+m > 0. 

With regard to the variable ranges, the higher the lower limit or the lower the 
upper limit, the more preferred these values are, respectively, except for the lower 
limit of f, which is the more preferred the lower its value. The upper and lower limits 
for each variable are independent from each other, e.g., the condition 0; 0.05 < m < 
0.1; 0.2; 0.3 describes six ranges for the variable m: 0 £ m £ 0.1; 0 £ m < 0.2; 0 £ 
m £ 0.3; 0.05 £ m < 0.1; 0.05 £ m £ 0.2; and 0.05 <: m £ 0.3. Although the in- 
vention relates both to Eu and Mn as activating elements, the incorporation of Mn is 
of interest, mainly in view of the differences in the colour point of the resulting phos- 
phor. A particular condition of interest is when 0.15 ^ e ^ 0.2 and m ^ 0.02. It is to 
be noted that the condition e = m = 0 is excluded because the phosphor needs at 
least one activating element. 

The phosphor according to the invention is characterized by a Mg content 
which is higher than required by conventional stoichiometry, BaMgAI 10 O 17 :Eu,Mn. 
This extra Mg content is given by the parameter 5 , which also appears in the 
concentration of O since Mg is usually added as MgO in the phosphor formulation. 
Because of the excess Mg, the sum of the contents of Mg and Mn should be 
somewhat higher than the sum of the contents of Ba and Eu. The optimum range for 
8 is observed between 0.03 and 0.04 and the optimum range for e is between 0.15 
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and 0.2. The phosphor is further characterized in that it shows an X-ray diffraction 
peak at Miller index 008 which is separate from the peak at Miller index 110 (or at 
least contains a crystalline compound showing such a peak). 

The triangular diagram in Fig. 1 gives the contents of (Ba.Eu)O in Ba^ Eu e 
5 Mn m Mg 1+5 . m Al 10+2f 0 17+5+3f by means of the upper left side axis of the triangle whereas 
the upper right side axis gives the content of (Mg.Mn)O (because Eu substitutes for 
Ba and Mn substitutes for Mg). Both axes mean zero contents at the top and a value 
of 60% at the bottom. Accordingly, the content of Al 2 0 3 appears as a vertical axis - 
shown outside of the triangle at the left side for clarity - starting with 40% at the 
10 bottom and ending up with 100% at the top. 

In comparing this figure with the above formula, Ba^ Eu e Mn m Mg 1+5 ^ Al 10+2f 
Oi7+6*3f . jt has t0 be noted that a different normalization is used. In Fig. 1, the sum of 
all concentrations is always 1 whereas in the formula the value of (Ba,Eu)0 is al- 
ways 1 and the value of (Mg.Mn)O is always 1+5. 

15 The small parallelogram assigned with reference numeral 1 shows the range 

of phosphors according to this invention and, for comparison, the large triangular 
range corresponds to the phosphors according to U.S. Patent No. 4,216,408. It is 
clear from this figure that the invention relates to a relatively very small area part, 
which was found to be of surprisingly better properties than the area around, of the 

20 predescribed phosphor range. The combination of more preferred parameter limits, 
e.g., for 8 and f, would correspond to excising an even smaller corner parallelogram 
out of the parallelogram shown in Fig. 1. 

The BAM-VUV phosphor shows improvements in the maintenance of the lu- 
minous intensity and spectral characteristics. Further, the invention provides for an 
25 improved luminous intensity at the beginning of the operation life as well as an im- 
proved blue efficency. This blue efficiency is defined as: 
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z 




10 



15 



where r\ is the luminous efficiency weighed by the spectral sensitivity of the human 
eye V w , and x, y and z are the standard colour coordinates. This improvement in 
blue efficiency relates both to the blue efficiency at the beginning of operation life as 
well as to its maintenance during operation time. 

From Fig. 2, it can be seen that a value of 8 = 0.03 with e = 0.2 (here and in 
the following m = f = 0) yields the best starting blue efficiency. Further, the mainte- 
nance characteristics are comparable to 8 = 0.01 and 8 = 0.05. They are also much 
better than the conventional examples with 8 = 0 of which the one with lower e value 
of 0.06 is a typical production phosphor and even worse. 

On the other hand, in Fig. 3, the shift of the colour point is quite low for all 
phosphors of the invention with 8 = 0.01, 8 =0.03 and 8 = 0.05 and in all three cases 
comparable with or even better than the conventional Ba n . e Eu e Mn m Mg 1+5 ^ AI 1(H2f 
0 17+6+3f with 8 = 0 and high e = 0.2. The conventional example with e = 0.06 shows a 
very serious colour shift. 

It can be seen that the invention allows a strong improvement in the blue effi- 
ciency as regards its starting value and its maintenance with simultaneous reduction 
of the colour shift phenomenon. In conclusion, 8 = 0.03 appears as a very good 
value from these results. 

The improvements and effects of the invention can be maximized by choosing 
a high value for e, i.e., a high Eu content. However, the addition of Eu is expensive. 
Therefore, it is preferred to increase the Eu content only to the amount required for 
the individual application. In any case, the invention's improvements of the increased 
Mg content relate to low as well as to high e values. 
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The above described BAM-VUV phosphor is preferably produced by choosing 
an annealing temperature between 1400°C and 1700°C. More preferred values for 
the lower and upper limits are 150CTC, 1530X, 1550°C and 1660°C, 1630°C, 
1610°C, respectively. For the embodiments, a relatively high annealing temperature 
5 of 1580°C was used. The experimental results confirmed the importance of anneal- 
ing temperatures in the already defined range and 1580°C was the best value. It is 
to be added that the remaining details of the production process as such are con- 
ventional and known to the technical expert. Such a process is described in U.S. 
Patent No. 4,216,408. 

10 The BAM-VUV phosphor can be used in a phosphor blend comprising the 

above described phosphor and further a red and a green-emitting phosphor. Pref- 
erably, the red and green-emitting phosphors are (Y,Gd)B0 3 :Eu and LaP0 4 :Ce,Tb, 
respectively. This phosphor blend is especially appropriate for Xe excimer lamps 
and plasma display panels with high colour temperature. Preferably, the content of 

15 BAM-VUV phosphor is 5% to 40%, the content of (Y,Gd)B0 3 :Eu is 10% to 50% and 
the content of LaP0 4 :Ce,Tb is 30% to 70%, in weight percentages respectively. 

Another preferred phosphor blend contains a yellow-emitting phosphor be- 
sides the above blue-emitting BAM-VUV phosphor. This yellow phosphor is prefera- 
bly Y 3 AI 5 0 12 :Ce in a preferred weight percentage of 5% to 50% whereas the weight 
20 percentage of BAM-VUV phosphor is preferably 50% to 95%. 

More particularly, the phosphors described in the above blends have the fol- 
lowing preferred compositions: 

1. LaP0 4 :Ce,Tb = La 1 . a . b Ce a Tb b P 1+2f 0 4+5f 

wherein: 

25 0; 0.1; 0.15 <; a <; 0.3; 0.4; 0.6; 



0.05 ^ b < 0.2; 0.3; 0.5; 



-7- 



• 



WO 99/34389 PCT/EP98/08105 
0 < f <• Z 0.1; 

2. (Y,Gd)B0 3 :Eu = Y 1 ^ b Gd.Eu b B 1+ai O^ _ 
wherein: 
5 0 ^ a < 0.25; 0.5; 0.99; 

0.01; 0.03; 0.05 <, b £ 0.15; 0.2; 0.3; 

a+b < 1 ; 

0 < f < 0.2. 

10 3. Y 3 AI 5 0 12 :Ce = Y^Ce.Al^jA^, 
wherein: 

0.01; 0.05 < a < 0.15; 0.3; 0.5; 
0 ^ f ^ 0.5. 

Table 1 presents typical results for the colour shift of triband white blends ob- 
15 tained with a conventional BaMgAI 10 O 17 :Eu,Mn phosphor and with a phosphor ac- 
cording to the preferred features of the invention. Therein the abbreviations mean: 

BAM = BaMgAI 10 O 17 :Eu,Mn (conventional) 

LAP = LaP0 4 :Ce,Tb 

YOB = (Y,Gd)B0 3 :Eu. 

20 The colour points at the beginning and at the end of a 100 h operation time are 
shown. The differences therebetween are given in the right column. Comparing the 
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upper three (conventional) examples with the lower three (of the invention) illustrates 
the strong improvements of the invention in terms of typical phosphor blends. 
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Because of the improved maintenance and. efficiency provided by the BAM- 
VUV phosphor of this invention, it is now feasible to use barium magnesium alumi- 
nate type phosphors in applications involving VUV excitation. A preferred choice for 
such a lamp is a silent discharge lamp, preferably a Xe excimer lamp, incorporating 
5 this phosphor or a phosphor blend according to the invention. Examples of such 
VUV applications can be found in the following references whose disclosures are 
incorporated herein by reference: 

WO 94/23442 relates to a basic operation process for a silent discharge 
which can be used for a Xe excimer lamp. 

10 WO 97/04625 relates to an operation method as well as to a special structure 

for such a lamp enabling the lamp to be very flat and covering a large area in an 
easy way. 

Concerning the displays and plasma display panels of the invention, their 
technology as such is known. However, according to the invention, novel phosphors 

15 and phosphor blends are provided which show strong improvements in the blue effi- 
ciency and the maintenance of the blue efficiency as well as in terms of the colour 
shift. All these properties are of special importance for display lamps and plasma 
display panels as already mentioned above. Therefore, the invention also relates to 
displays and plasma display panels being characterized in containing a phosphor 

20 according to the invention. 

The construction of such displays is state of the art; e.g., reference is made to 
the following publications which are incorporated herein by reference: 

P.S. Friedman, "Are Plasma Display Panels a Low-Cost Technology?", Infor- 
mation Display Vol. 11, No. 10 (1995), 22-25, and further to 

25 J.-P. Boeuf, H. Doyeaux, "Simulating Large-Area Plasma Displays", Euro- 

physics News Vol. 27, No. 2 (1996), 46-49. 
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While there has been shown and described what are at the present 
considered the preferred embodiments of the invention, it will be obvious to those 
skilled in the art that various changes and modifications may be made therein 
without departing from the scope of the invention as defined by the appended 
claims. 
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Claims: 



5 



10 

2. 
3. 

15 4. 
5. 
6. 

20 

7. 



A phosphor represented by the formula: 
Ba^ Eu, Mn m Mg^AI,^ 
wherein 
0 .£ e <> 0.4; 
0 ^ m < 0.3; 
0.01 £ £ £ 0.1; 
0 £ f £ 1; and 

e+m>0. 

A phosphor according to claim 1, wherein 0.03 < S £ 0.04. 
A phosphor according to claim 1 wherein 0.15 £ e £ 0.2. 
A phosphor according to claim 3 wherein m £ 0.02. 
A phosphor according to claim 3 wherein 0.03 £ 5 £ 0.04. 
A phosphor according to claim 1 wherein 0.05 £ m £ 0.1. 
A phosphor according to claim 6 wherein 0.15 £ e £ 0.2. 



A phosphor according to claim 7 wherein 0.03 £ 6 £ 0.04, 
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WO 99/34389 PCT/EP98/08105 



9. A phosphor claim 1 wherein 0 £ f £ 0.3. 

10. A phosphor according to claim 9 wherein 0.15 < e £ 0.2 and 
5 0.03 < 6 << 0.04. 

11. A phosphor according to claim 1 further comprising a crystalline compound 
showing an X-ray diffraction peak at Miller index 008 which separate from the peak 
at Miller index 110. 

10 

12. A phosphor blend comprising a red-emitting phosphor, a green-emitting 
phosphor and a third phosphor represented by the formula: 

wherein 
15 0 £ e £ 0.4; 

0 £ m £ 0.3; 
0.01 <> S <> 0.1; 
0 ^ f £ 1; and 

e+m>0. 

20 

13. A phosphor blend according to claim 12 wherein the third phosphor has a 
europium content of 0.15 £ e £ 0.2; 

said red-emitting phosphor is Y \.a. D Gd a Eu b B U2f O Mf wherein: 
0 £ a < 0.99; 

- 14 - 
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0.01 <S b £ 0.3; 
a+bs1; 

0 <; f ^ 0.2; and, 
said green-emitting phosphor is La 1 ^ b Ce,Tb b P 1+a 0 4 . Sf wherein: 
5 0 Z a <: 0.6; 

0.05 £ b s; 0.5; 

a+b £ 1; 

0 <, f £ 0.1. 

10 14. A phosphor blend according to claim 13, wherein the weight percentage of 
said third phosphor is 5% to 40%, the weight percentage of said red-emitting phos- 
phor is 10% to 50% and the weight percentage of said green-emitting phosphor is 
30% to 70%. 

15 15. A phosphor blend comprising a yellow-emitting phosphor and a second phos- 
phor represented by the formula: 

Ba,.. Eu 0 Mn m Mg^AI,^ 

wherein 

0 £ e <> 0.4; 

20 0 £ m £ 0.3; 

0.01 £ S <> 0.1: 

0 £ f < 1 ; and 

e+m>0. 

-15- 
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16. A phosphor blend according to claim 15, wherein said yellow-emitting phos- 
phor is Ya.aCeaAI^O^ wherein: 

0.01 £ a £ 0.5; and 

0 < f < 0.5 



17. A phosphor blend according to claim 16, wherein the weight percentage of 
said second phosphor is 50% to 95% and the weight percentage of said yellow- 
emitting phosphor is 5% to 50%. 



18. A fluorescent lamp containing a phosphor represented by the formula: 
Ba lHe Eu e Mn m Mg u5 ^ Al 1(h2f 
wherein 
0 £ e £ 0.4; 
15 0 £ m £ 0.3; 

0.01 <; S £ 0.1; 
0 £f $ 1;and 

e+m>0. 

20 19. A fluorescent lamp according to claim 18 wherein the phosphor is excited with 
VUV radiation having a wavelength below 200 nm. 

20. A fluorescent lamp according to claim 19 wherein the fluorescent lamp is a Xe 
excimer fluorescent lamp. 

- 16 - 
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21 . A plasma display panel containing a phosphor represented by the formula: 
Ba^ Eu e Mn m Mg^AI^* 

wherein 
0 £ e <s 0.4; 
0 £ m £ 0.3; 
0.01 £ S < 0.1; 
0 s f < 1; and 

e+m>0. 

22. A method for producing the phosphor of claim 1 including an annealing step 
with an annealing temperature between 1400°C and 1700°C. 



23. A method according to claim 22, wherein said annealing temperature is 1580 
± 30 °C. 
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